CHAMP high-quality vector magnetometer observations collected from July 2000 to September 2010 have been used to map the residual vector magnetic anomaly fields. This field is so called the lithospheric magnetic field which is the result of two contributions of the induced and the remanent magnetization. It is therefore essential to study the magnetic properties of the crustal rocks. Isolating this field from the other contributions, interpreting and even defining are however difficult and still debated. We investigate how to identify and separate the lithospheric vector magnetic field ΔX, ΔY and ΔZ from other contributions. For this purpose we use selected night magnetic data from which we remove a model field of degree 16 and external model field of degree 2 developed by spherical harmonics analysis. Concerning the induced lithospheric field which is assumed to be aligned with the internal dipole was also removed. To minimize the secular variation effects, we calculated internal models for each two months. The method developed here has been successfully applied to isolate lithospheric field produced by remanent magnetizations from CHAMP satellite data. The resolution and altitude measurements make it very hard to map short wavelength crustal magnetic anomalies. The large-scale strong magnetic anomalies detected using this technique are in agreement with previous global magnetic maps. These anomalies appear with an amplitude of about 10 nT at satellite altitude such as Bangui's anomaly.
Introduction
The Earth's observed magnetic field at surface or in orbital altitude can be separated into two contributions: external and internal contributions varying in spatial and temporal scales [1] . The external contribution part is produced by a complex system of currents circulating in the ionosphere and magnetosphere and their interactions with solar wind. The internal field is the superposition of two fields: a main field generated by the currents in the liquid outer core and a lithospheric field generated by induced currents and remanent magnetization of crust's rocks where temperatures are well below the Curie isotherm. Most of the remanent magnetic contributions cancel out at the spacecraft altitude and the induced part dominates above continental domains [2] [3] .
In spite of the large sets of magnetometer data from ground to satellites altitudes, it remains very controversy to identify separately each part of source contributions from the observed magnetic field. The external magnetic field is relatively a small portion of the observed field which represents only 1% of the total field but this parasite component must be removed to determine the exact properties of the internal field [4] . Most algorithms and methods have been developed to extract and verify the crustal magnetic anomalies especially from satellite magnetometer measurements [2] [3] [5] - [7] . The analysis of the spatial distribution of a lithospheric magnetic field shows that the anomalies significantly decrease at the satellites altitudes: the small-scale anomalies are smoothed, and only the large-scale and strong anomalies with wavelength of 400 -500 km and intensity of a few dozen nT were detected. The satellite measurements are poorly sensitive to small-scale structures, making the satellite data favorable for identification of the regional lithospheric anomalies [2] . The traditional techniques used nowadays to map lithospheric magnetic anomalies were based essentially on models developed using Gauss harmonic coefficients (see for example [2] [3] [7] - [9] ).
In this paper we present new methodology to extract the magnetic contributions of the lithosphere from a set of satellite magnetometer vector data. To do so, we adapted new techniques to map the vector magnetic field of the lithosphere using magnetic data collected by CHAMP satellite for more than ten years. First, magnetic data were separated into daily and nighttime data using local time transformations and then less disturbed data by external fields were selected using geomagnetic indices and their derivatives. Monthly selected night data were inverted to determine a core field of 16 degrees; this internal field was removed from previously selected data to obtain residual fields. In order to improve our results, these data representing the residual were denoised from external persistent fields using inversion methods based on harmonic analysis developed by [5] [10] similar to that described by [11] and [12] . After all the data obtained were used to determine residual vector magnetic anomalies ΔX, ΔY and ΔZ.
In the next section we describe the data selection and processing algorithms used to remove the internal magnetic data from secular variations. In Section 3 we present our methodology to map magnetic anomalies of the earth's lithosphere at satellite altitudes. In Section 4 we discuss some results arising from our methods used in this paper. Section 5 then concludes with some observations on results and future for this work.
Data Selection and Processing
The magnetic measurements on board CHAMP satellite operated continuously from July 2000 to September 2010 were used to study lithospheric magnetic anomalies. This satellite have been operating in nearly polar circular orbits of 93.55 minutes with an inclination of 87.17˚ [13] . The measurement accuracy for the scalar magnetic data was ±0.5 nT, and that for the vector was ±3 nT [13] . The altitudes have been decreasing between 350 and 450 km at all local times and the data are acquired every second which corresponds to the 7 km of spatial longitudinal resolution [2] [14] . These orbital parameters allow a high resolution and improve the mapping of the earth magnetic fields [3] [7] [15] . In this paper, both vector magnetic and scalar data of level 3 were processed to map the geomagnetic fields internal variations. The crucial processing step in this kind of work is the selection of less disturbed data. Thereby the main objective of the proposed selection data methods is to obtain in first time a set of measurements related to their sources. In our case, we attempted to separate the effects of external fields from the internal field components using global geomagnetic indices such as Kp and Dst. The algorithm used here for selecting quiet magnetic measurements works respecting the following steps:
• Reduce the effect of the external magnetic field using data collected in the night side at low altitudes for local time LT between 22h00 and 06h00.
• These selected data were compared to geomagnetic indices Kp and Dst and data corresponding to 1 Kp ≤ + and <= 15 nT Dst with ( )
were selected.
• The vector data measured below ±55˚ geomagnetic latitude were considered in order to remove auroral effects where the scalar data above this latitude were used. The all CHAMP vector and scalar data obtained using these selection criteria were split into monthly files to be used for modeling internal field. Several tests were executed in order to find the most optimal coverage corresponding to the shortest possible duration. More the period is shorter, the effects of the external field, the induced magnetization and secular variations were reduced. So, the most appropriate shortest period used to elaborate consistent spherical harmonics models is corresponding to sets of data covering at least a large band of magnetic equator in order to reduce Backus effect [16] . The data computed with our inversion program has given global two-months models for internal field which are in good agreement with accepted international models such as IGRF-11. Our proposed algorithm minimizes in the fact the secular variation which is visible for periods more than six months [1] [17] . The Figure 1 shows vector geomagnetic components before and after applying selection criteria for the days of 01-05-2007.
The Figure 2 shows an example of the data coverage used by inversion in order to determine the main field of degree 16. The data presented in this figure were corresponding to august and September of year 2009.
Modeling Methodology
The spherical harmonic analysis is one of the best way to describe the geomagnetic field related to its external and internal sources [18] [19] . The Earth's magnetic field is derived from the magnetic potential V verifying Laplace's equation and is expressed in nanotesla (nT). In the geocentric reference the geomagnetic field can be expressed using scalar potential by: It is well that the potential V can be written in term of spherical harmonic expansion as follows (in [19] ):
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The i nt V is the internal potential and e xt V potential which are expressed by these relations: algorithm mixing c and matlab which can invert simultaneously both scalar (F) and vector magnetic data (X, Y and Z). Thus, for our purpose the all CHAMP vector and scalar data selected were split into two monthly files to be used for modeling geomagnetic core field. Global models of this field for 16 degrees of spherical harmonics expansion were established for each two months for all period of CHAMP mission. Thus, the residual fields were calculated by removing the core, magnetospheric and induced fields from previously selected night data. This approach of modeling each two month is used to minimize the effects of the secular variation which appear in data for periods more than 6 months [1] [17] . The Figure 3 shows the power spectrum of the core field for corresponding to the year 2009 for each two-months.
From Figures 4-6 are represented the three components of the core field obtained by inversion. The map of the Z component show the dominant dipole configuration of internal geomagnetic field.
The Figures 7-9 show the result of application of our algorithms to the selected data.
Results and Discussion
The method presented here to map lithosphere magnetic field is a useful alternative to more conventional The interpretation of this residual magnetic field is still difficult because there is non-uniqueness physical description of the geomagnetic crust.
-In spite of the data selection criteria, the effect of the external field remains important in longitudinal direction. -Only strong anomalies such a Bangui anomaly are clear in this residual distribution.
-The anomaly associated to the West African craton, though identifiable, is also strongly affected by noise.
-Altitude and spatial resolution make mapping of crustal field more difficult, which requires integration of other complementary data such as land and aeromagnetic measurements. -The satellite observations provide an excellent global coverage that allows use to obtain monthly models for core field and its secular variation. Our methods are not able to detect small anomalies, and new models for large degrees will be developed in further work. In the meantime, significant efforts are still being made to improve our maps and to better characterize these anomalies with the recent SWARM observations on the one hand, and near-surface data on the other hand. The use of parallel algorithms to extend the degree of harmonic expansion allows us a best modeling of the magnetic lithosphere for small-scale anomalies.
The Earth's magnetized lithosphere and the complexity of its magnetic sources and their interactions with external fields, and the variety of measurements need the construction of models for highly degrees in order to understand the extent to which the residual field may be interpreted. In addition, to best understand and interpret the residual magnetic field maps it was also the purpose of our work to join the other maps using calculated models from the different procedures and combining them into the unifying procedure to present a consistent mapping of lithospheric magnetic field.
